This report includes the description and development plan for a Risk Informed Safety Margins Characterization (RISMC) toolkit and methodology that will evaluate multihazard risk in an integrated manner to support the operating nuclear fleet. It describes a plan for; (1) using existing industry tools in an integrated framework, these methods and tools are termed "baseline"; and (2) using an "advanced" toolset built on the MOOSE framework. The advanced toolset development is being guided by gaps identified using the baseline toolset.
The multihazard tools and methods are currently being developed within RISMC. Realistic NPP applications of these tools and methods are known as "industry applications." The problem the industry application activity is solving is a realistic representation of an NPP, including systems, structures, and components (SSCs), subjected to multiple hazards that are of direct interest to an NPP owner and operator.
This industry application (IA#2) within the Light Water Reactor Sustainability (LWRS) Program, RISMC R&D Pathway, uses a Risk-Informed Margin Management (RIMM) approach. This approach represents meaningful (i.e., realistic facility representation) event scenarios and consequences by using an advanced 3D facility representation that will:
Identify, model, and analyze the appropriate physics that need to be included to determine plant vulnerabilities related to external events.
Manage the communication and interactions between different physics modeling and analysis technologies.
Develop the computational infrastructure through tools related to plant representation, scenario depiction, and physics prediction.
In order to enable probabilistic aspects of NPP external events modeling, we will use event simulation as the quantification method. Successfully linking probabilistic simulation to external events physics is a key facet of advanced methods and will directly address problems such as highly time-dependent and location-specific seismic and flooding scenarios.
The IA#2 plan includes two external hazards, seismic and flooding. The hypothetical flooding at the modeled generic NPP is caused by either seismically-induced failure of an adjacent levy or seismically-induced internal flooding as a result of pipe breaks within the NPP. Note that any plant information for the "generic" facility model has been taken from publically-available sources or has been constructed by the RISMC development team. An early demonstration will assess the impact of a seismically-induced flooding using the RIMM integrated process. Elements of the process include development of a generic NPP at a generic site, and generic levy and seismic hazard. The problem will assume multiple seismic events that produce ground motion at the generic site. These ground motions will be used to assess probabilities of SSC failures at the NPP and the adjacent levy. Based on the probabilities of failure on piping systems and of the levy iv flooding, analysis will be run in those locations. Multi-year planning is presented in this report addressing this problem and set-up.
Also presented in this report is a plan for application of advanced research and development (R&D) methods and tools to evaluate external hazard risk and decisionmaking. The seismic portion of the industry application will focus on understanding the benefits of using advanced SPRA methods and tools to perform calculations for actual NPPs. For the planning activities, we will also consider advanced nonlinear soil-structure interaction models to provide best estimate NPP and system response by reducing uncertainty. 
Background
Design of nuclear power plant (NPP) facilities to resist external hazards has been a part of the regulatory process since the beginning of the NPP industry in the United States (US), but has evolved substantially over time. The original set of approaches and methods were entirely deterministic in nature and focused on a traditional engineering margins-based approach. In this approach, design is undertaken for each structure, system, and component (SSC) individually based on achieving a capacity that is expected to provide a minimum margin over some specific design load of interest. Neither the risk significance of the SSC nor its role within the facility is considered. The traditional approach also does not account for operator action, redundancy and other risk-related element.
Over time probabilistic and risk-informed approaches were also developed and implemented in US Nuclear Regulatory Commission (NRC) guidance and regulation. A defense-in-depth framework was also incorporated into US regulatory guidance over time. As a result, today, the US regulatory framework incorporates deterministic and probabilistic approaches for a range of different applications and for a range of natural hazard considerations. This framework will continue to evolve as a result of improved knowledge and newly identified regulatory needs and objectives, most notably in response to the NRC activities initiated in response to the 2011 Fukushima accident in Japan.
Although the US regulatory framework has continued to evolve over time, the tools, methods and data available to the US nuclear industry to meet the changing requirements have largely remained static. Notably, there is room for improvement in the tools and methods available for external event probabilistic risk assessment (PRA), which is the principal assessment approach used in risk-informed regulations and risk-informed decision-making. This is particularly true if PRA is applied to natural hazards other than seismic loading. Development of a new set of tools and methods that incorporate current knowledge, modern best practice, and state-of-the-art computational resources would lead to more reliable assessment of facility risk and risk insights (e.g., the SSCs and accident sequences that are most risk-significant), with less uncertainty, and reduced potential conservatisms. New tools would also benefit risk-informed approaches to assessing and managing margin, as discussed the remainder of Section 1 of this document. Section 2 of this document describes the nuclear power plant (NPP) models necessary for the successful execution of an external multi-hazard analysis industry application. Section 3 describes the RISMC methodology and toolkit strategy employed in this industry application demonstration, while Section 4 outlines a roadmap, timeline and resources needed for development and implementation of the external events industry application. Lastly, an estimate of planning for the next five years is summarized in Section 5.
The Risk-Informed Margin Management (RIMM) Approach
As noted, the new tools and methods being developed have a number of applications that support the nuclear industry including, a risk-informed margins management approach. An effective RIMM application is one that balances costs with safety. RIMM will also calculate risk by considering all applicable external hazards together (as shown on the right side of Figure 1) ; instead of the current approach that separately calculates the risk from external hazards.
The focus on RIMM provides a technical basis to understand and manage hazards. At a nuclear facility, a hazard is a condition that is or causes a deviation in normal operation. Examples of the types of hazards that may exist at a nuclear power plant (NPP) include different types of kinetic energy (e.g., motion from a seismic event) and potential energy (e.g., energy release by shorted equipment during a flood). These types of hazards complicate the determination of safety in any complex facility. However, in this industry application, we propose advanced methods to represent these potential impacts to safety by developing the technology to incorporate physics (via probabilistic and mechanistic modeling) into scenarios. A scenario happens when initiating events occur, system control responses (including operator actions) fail, and the consequence severity is not limited as well. External events hazards may impinge on a NPP in several ways:
Seismic
They may provide enabling events (conditions that permit the scenario to proceed); They may affect the occurrence of initiating events (a departure from a desired operational envelope to a state where a control response is required); They may challenge system controls or safety functions; They may defeat mitigating systems.
External hazards of interest have a primary impact on the nuclear facility that may also lead to secondary phenomena. Examples of external hazards that cause primary impact are seismic shaking, flooding, and high winds. Examples of secondary phenomena induced by a seismic scenario are dam and levy failure, landslide, internal flood, and internal fire.
A notional depiction of this 3D representation approach is shown in Figure 2 . As shown in this figure, different analyses are "layered" in a time based manner depending on their role in a particular scenario. The approach has several defining attributes focused within four general areas: Figure 2 . High-Level Features of the External Events Analysis Approach.
Enabling Conditions -The enabling conditions are those initial boundary conditions that play a role
in defining what occurs (or not) during a specific external events scenario. For example, lack of adequate wall penetration sealers may result in increased flood hazard (and scenarios where water enter buildings via penetrations), while flood doors with proper seals may result in reduced flood hazard (and help to prevent flooding scenarios). 2. Flood Initiating Event Representation -Different types of floods result in a variety of different flooding hazard curves. These hazard curves are models representing the magnitude (how bad) and frequency (how often) of the flooding condition. 3. Plant Response -An approach to effectively representing hazards and their effect on the NPP physical behavior is simulated as part of the simulation. In some cases, multiple models of specific phenomenon may play a role in a sequence. For example, how spatial effects may drive a scenario (e.g., a pipe break caused by a seismic event may flood a pump room) could be determined using different methods for the different risk drivers found in a particular scenario. Impactful conditions on plant to be potentially included in the modeling for multiple NPPs on a site are: In order to enable probabilistic aspects of NPP external events modeling, we are using event simulation as the quantification method. Successfully linking probabilistic simulation to external events physics is a key facet of advanced methods and will directly address problems such as highly timedependent flooding scenarios.
One of the unique aspects of the RISMC approach is how it couples probabilistic approaches (the scenario) with mechanistic phenomena representation (the physics) through simulation. This simulationbased modeling allows decision makers to focus on a variety safety, performance, or economic metrics. For example, while traditional risk assessment approaches for external hazards attempt to quantify core damage frequency (CDF), RIMM approaches may instead wish to consider other metrics such as:
• Magnitude of the hazard -for example, the height of water on buildings, or the height of water inside strategic rooms. The "magnitude" might be measured (during the simulation) by metrics such as water height, seismic energy, water volume, water pressure, etc.
• Damage to the plant (but not core damage) -for example, we may be interested in scenarios in which the facility does not see core damage, but would still experience extensive (or even minor) damage. The "damage" might be measured (again during the simulation) by metrics such as total number of components failed, cost of components destroyed, structures rendered unusable, the length of time the facility is impacted (hours versus months), etc.
The defining difference between these new RIMM metrics and traditional ones such as CDF is that they represent observable quantities (e.g., the number of components failed, the costs related to the event, the height of water in a room, the duration of the event) rather than just a statistical average of an event frequency. We believe these new metrics that are provided by the RISMC simulation yield enhanced decision-making capabilities for nuclear power plants.
Light Water Reactor Models
External natural hazards that impose threat to a nuclear power plant (NPP) can originate at different times and areas, and can be related to each other. We aim to represent these hazards in simulations using realistic model representations of an NPP and hazards to study and understand the effect these external forces impose over time at a given facility.
We define the problem we study as an "industry application," hence the problem we define is a realistic representation of an NPP, including systems, structures, and components (SSCs), and the simulations we propose are of direct interest to an NPP owner and operator.
For the realistic representation of a nuclear power plant, we divide the construction of generic plant models into two major categories: Pressurized Water Reactors (PWRs); and Boiling Water Reactors (BWRs). The description of each reactor model, including soil, structures, components, PRAs, and different physics models are briefly described below.
The INL Generic Pressurized Water Reactor (IGPWR) Model
This section will include brief discussions of the types of components, structures, soil, PRAs models necessary to execute the Industry Application #2 plan, as outlined in Section 4. For an initial demonstration of seismic induced flooding events for PWRs we need to describe: 
Flooding Models
In order to simulate flooding events, a semi dynamic model, capable of interpreting some parameters for the event, must be constructed. The format or content of this model is dependent upon the tool that will be used to simulate the flooding event. Currently there is no common format can be used for multiple simulation software packages.
For flooding events in the generic model we will be using Neutrino, a Smooth Particle Hydrodynamics (SPH) physics based tool. Although Neutrino has custom data for things like particle emitters and measurement fields, it uses common 3D formats for the rigid body structures. The 3D models constructed for the generic PWR will be used as the rigid body structures for the neutrino flooding model.
In addition to the physical structures, the flooding model will contain different types of particle emitters. To simulate a pipe failure a particle emitter will be dynamically created with a given location, orientation, and flow, corresponding to the location and the failure data of the pipe break. A dike failure can be simulated using variable particle emitter at a given location with an erosion model. The initial demonstration model will consist of two models, an overall site model with terrain and an internal model of a few key rooms. The site model will have an above ground level cooling source with a retaining wall capable of simulating a breach. The internal model will have piping structures and a capability to simulate pipe ruptures and flooding. This will be the first step in developing a generic flooding model. 
Seismic Models
The Advanced SPRA (A-SPRA) development activity focuses on a new set of tools and methods within the RISMC technical pathway to perform A-SPRA. These tools and methods are implemented within the MOOSE solver framework and would make use of existing and newly developed tools and methods, coupled with the experience and data gained in the past decades, to define and analyze more realistic risk assessment models. Development of these advanced tools is being guided by sensitivity studies using baseline numerical tools such as LS-DYNA.
The steps in A-SPRA are shown in Figure 4 , along with their relationship to other RISMC elements such as flooding. External event PRA is composed of three general elements: hazard assessment, fragility relationships, and systems analysis. SPRA also has the element of soil-structure-Interaction analysis, which couples the rock hazard at the sites to the in-structure motions experienced by the systems and equipment within the NPP. The fragility of the structure itself is also important for assessment of the potential for early release into the environment. The new tools and approaches developed in this project cover the many steps in a SPRA in a more cohesive approach that could reduce interface issues and more accurately track uncertainties throughout the process. The methods developed would move away from the use of peak ground acceleration to incorporate parameters of most significance to response to earthquake ground motions. By tracking uncertainties more seamlessly and rigorously throughout the process, and using physics-based tools to investigate scenarios of interest that have traditionally been left out of SPRA (e.g., seismically-induced fire and flood), the new tools would provide more accurate models with a clearer view of uncertainties. Development of a set of tools and methods to replace the existing SPRA is the first focus area of a multi-phase project (focus area 1). Focus area 2 would also develop new tools to address two important areas of current research in SPRA, namely seismically-induced fire and flood. Focus area 2 feeds into the tools created in focus area one by developing methods and protocols to use various physics-based dynamic tools available in the RISMIC toolkit to investigate issues and uncertainties in the systems model for facilities being analyzed. The first phase activities would identify areas in which efficiencies are found and/or further developing methods based on ongoing use of the tools and methods.
An initial activity was completed in FY 2015 that implemented results from nonlinear SSI results into SPRA calculations. This advanced SPRA activity used LS-DYNA which is considered a baseline toolset. Results from that effort show the assumption the in-structure response scales linearly with increasing ground motion is not a reasonable assumption for the specific problem solved (see Figure 5 ). For the initial IA #2 effort this approach will be used for the seismic modeling. The advanced seismic toolset is being developed in a MOOSE based application, MASTODON. This advanced tool can be coupled with other physics in MOOSE. Figure 6 shows the advanced seismic tool coupled with other MOOSE-based applications. An example of coupling MASTODON with another MOOSE-based application, BISON, is shown in Figure 7 . MASTODON provides best estimate seismic response and reduction of uncertainty. In this IA #2 application this will allow for a realistic estimate of piping response to determine when and where internal flooding may be an issue. INL is proposing to use a combination of an NPP soil site, an NPP not physically sited on the selected soil site, and a seismic hazard (one east coast, and one west coast seismic hazard) that is not related to the soil site nor NPP (See Figure 8) . IA #2 will use publically available information for these demonstrations, as it is described in this Section. 
2.1.3
Deterministic Systems Models
Scope
The deterministic models of the IGPWR have the ultimate scope of evaluating the safety margins or the possible damages for the main fission products barriers (fuel clad, primary circuit, and containment) during Design Basis Accidents (DBA) and Beyond Design Basis Accidents (BDBA) conditions. The determinist models have to be able to evaluate how the fundamental safety functions (FSFs) of the IGPWR, or: the control of reactivity; the removal of heat from the core; the radioactivity confinement, are effective in limiting/controlling the possible damages to the barriers. In the following paragraphs, a description of those models, developed for EE analysis, is presented. Future developments are outlined as well.
Main system
The backbone of the IGPWR model is being based on a system code (e.g., RELAP5-3D code) input deck of a Westinghouse 3-loop PWR. The base model will be able to simulate the thermal-hydraulic parameters (e.g., pressure, temperatures, mass flows, etc.) of the primary side and of some parts of the secondary side. The base model could be expanded for including other parts of the plant and could be easily coupled with other tools (e.g., containment and fuel mechanics code, see further) for multiphysics/multi-scale safety analyses. The important design parameters of the IGPWR are reported in Table  1 . The main components of the primary and the secondary sides that are included in the base model are:
the reactor pressure vessel (RPV); the three main circulation circuits (MCC), including the main coolant pumps (MCP) and the steam generators (SG); the pressurizer (PRZ), and its main valves (PORV and SV); the connections for the emergency core cooling system (ECCS) and the auxiliary feed-water (AFW); the secondary part of the SGs up to the SG outlet, including the main valves (PORV and SV); the main feed-water (MFW).
The sketches of the RPV and of the MCC, including the secondary side of the SGs, are given in Figure 9 and Figure 10 .
Three independent TH channels representing the central, the middle and the periphery of the core are used. A sketch of the three-channel core region subdivision is given in Figure 11 , together with the number of the fuel assemblies and their relative radial power. The model proposed above can be developed using the RELAP5-3D system code. RELAP5-3D is capable of performing the analysis of the most probable class of accidents induced by EE-EQ, i.e. Station blackout (SBO) with an immediate loss of AFW. The model could also be modified for studying the other most probable class of EE-EQ initiated accidents (MCP seals LOCA).
These events can be studied by system codes until the onset of the fuel damage conditions, thus allowing the estimation of the required Figure- of-Merit (the Core Damage Frequency, CDF). Studying significant core degradation scenarios (i.e., severe accident, SA) requires a system code coupled with SA codes (e.g., RELAP5-SCDAP) or the use of other integral SA tools (e.g., MELCOR or MAAP5 codes).
Engineered Safeguards
As reported in the previous paragraph, the most probable EE-EQ induced accidents for an IGPWR are two classes of accidents: The above transients imply the modeling of the engineered safeguard systems (ESF). A sketch of the IGPWR ESF is reported in Figure 12 . Important parameters of the main ESF systems are given in Table  1 . Figure 12 . IGPWR ESF.
The ESF systems can be modeled in details or using a zero-dimensional approach (i.e., imposing their effects as a time-dependent boundary condition). ESF systems involving the containment feedback (e.g., the containment spray system) require the use of a special system-code modeling technique, or a dedicated tool like the GOTHIC code.
Containment
The containment, along with the ESF system, has the function of containing and limiting the radiation doses outside a NPP. For the IGPWR, large dry steel-lined reinforced concrete containment was chosen. The main characteristics of the IGPWR containment are reported in Table 1 . This containment concept operates at sub-atmospheric pressure (between 0.062 and 0.071 MPa, or 9 and 10.3 psig) and it returns to sub-atmospheric pressure within 60 minutes after a DBA through the use of multiple spray systems. In this way, a positive termination of out-leakage of fission products can be achieved.
A sketch of the IGPWR sub-atmospheric containment is shown in Figure 13 . Detailed containment modeling requires the use of specialized codes, eventually directly coupled with the system code (RELAP5-3D) for simulating the energy and mass exchange, e.g. with the primary system during a LOCA or with the secondary system during a MSLB accident. Figure 13 . IGPWR Sub-Atmospheric Containment.
Balance-of-Plant and Auxiliary components
The secondary side outside the containment (i.e., the balance-of-plant, BOP) and the auxiliary systems (e.g., the residual heat removal system, RHRS, or the CCWS) are not being considered during the first year of activities. However, they could be included in the future activities if new classes of accident are to be analyzed, e.g., loss of RHRS/CCWS by flooding events during refueling operation. A sketch of the BOP, of the RHR and of the CCW systems is given in Figure 14 , Figure 15 and Figure 16 , respectively. Important parameters of the BOP, of the RHRS and of the CCWS are reported in Table 1 . BOP components and auxiliary systems can also be modeled using a standard system code (e.g., RELAP5-3D). 
PRA Models
Two PRA models will be developed, a traditional fault tree based model and a dynamic event driven model.
Traditional PRA Model
A basic Generic PRA model will be developed using SAPHIRE. Initially this model will contain the systems necessary for analyzing those areas affected by the seismic and flooding scenario. Other systems will initially be stubbed out and added trough the IA2 lifespan. This model will contain the failure methods and rates for key components and provide a baseline result. Seismic effects will be included using bins with different failure rates for varying levels of earthquake events. These rates will be provided by the seismic model in section 2.1.2. House events are used to turn on the correct seismic failure probability for each event. Since there is very little empirical data for component failure rates due to seismic events, arbitrary but logical values will be used. This will due for demonstration purposes, and as more data is compiled, more accurate values can be applied.
Dynamic PRA Model
Traditionally PRA models consist of Basic Events, Fault Trees and possibly Event Trees. These models can very accurately determine the failure probability for complex system but they are static, not able to deal with changes over time. A dynamic model is needed in order to deal with component failures and interact with other analysis methods over time.
EMRALD is a dynamic simulation based PRA code based on three-phase discrete event simulation. These phases include the following. The model for EMRALD consists of States with immediate actions, and conditional event actions. Many different types of events and actions can be evaluated or executed, designed in a way for easy equivalents to items in traditional PRA such as basic events and fault trees. States can also be tagged as "key states" and are noted if a simulation run ends on that state. Through multiple runs of the simulation model, probabilities of a given key state are given, similar to end states results in SAPHIRE. In addition, heuristics can be made to show the path or cause of the key state and the times of those events.
A traditional PRA model can be converted into an equivalent EMRALD model with statistically equivalent results. The PRA model described in section 2.1.4.1 will provide a map for easy construction of the EMRALD model and be used for a baseline result comparison. In addition to providing standard probabilistic results and time based heuristics, EMRALD can send and process data or messages to and from external codes. By allowing external evaluation of the current states and values and having those results affect events and actions inside of the EMRALD simulation, it becomes a very dynamic and versatile PRA tool. This is how initial coupling between a PRA model, 3D simulation and thermal hydraulics evaluation will be achieved. 
Plant Spatial Models
SC Solutions is developing a 3D spatial model to allow INL to translate seismically-induced piping failures to assessment of internal flood scenarios.
The spatial model being developed represents a switchgear room and adjacent battery rooms in the Service Building of a representative/generic 3-loop PWR. The switchgear room and adjacent battery rooms contain critical and sensitive electrical equipment, such as 4kV and 480V switchgear/bus, MCC/controls, batteries, and breakers. These components provide DC power to safety systems required for safe shutdown following a seismic event, notably the auxiliary feedwater (AFW) and high pressure injection (HPI) (i.e. Charging) systems. These rooms have an integrated overhead water-based fire suppression system. Postulated seismically-induced failure of the fire suppression system (i.e. failure of piping, sprinklers, threaded/welded connection, etc.) could cause spray that directly affects electrical equipment, or could cause water accumulation that affects electrical equipment. The spatial model being developed is intended to support simulation of this seismically-induced flood scenario.
We outline a preliminary in-progress draft spatial model of the subject rooms with certain component outlines. As an example, we also describe model file format and content to ensure import compatibility to the MOOSE framework for future seismically-induced flood scenario simulations.
Model Development
A three-dimensional (3D) spatial model of the fire protection system in a sample plant Service Building is currently being developed. The following describes the features of this in-progress 3D spatial model. An example of SolidWorks representative models is shown in Table 2 . Table 2 . An Example of SolidWorks .STL Files.
Filename Description
INL-LWRS-3DSpatialModel-Prelim.STL Global 3D spatial model with components as described in Section 2 between elevations 730'-6" to 745'-6" floor_slab_El730-6.STL Floor slab at elevation 730'-6" floor-slab_EL745-6.STL Floor slab at elevation 745'-6" all_walls.STL All interior and exterior walls between elevations 730'-6" and 745'-6" all_equipment.STL All equipment located on floor slab elevation 730'-6" or mounted on walls between elevations 730'-6" to 745'-6" all_door.STL All doors located on floor slab elevation 730'-6" or mounted on walls between elevations 730'-6" to 745'-6"
Piping -Fragility Models
Piping fragility models are being developed to determine the probable location of a significant break in the NPP system during an earthquake. These piping fragility models were determine where and when to call the flooding analysis models.
The widely used lognormal model of structural fragility cannot be directly extended to the piping and secondary systems due to the lack of sufficient existing fragility data. Furthermore, characterization of the structural performance in terms of an "acceleration capacity" is quite simplistic and in many cases far from the "true performance" especially as the higher mode effects and mass interaction with the supporting structure tends to be significant in piping systems. Many researchers have evaluated seismic fragilities using experimental data either independently or in conjunction with experimentally validated finite element models. Consideration of experimental data is essential in a fragility assessment primarily for the purpose of characterizing the structural performance in terms of an appropriate "limit-state". Almost all the studies have focused on evaluating the seismic fragilities of structural components or subsystems. Limitations in conducting large-scale experiments are a key obstacle in the evaluation of systemlevel fragilities. This is particularly true in the case of piping-systems for which the key steps in evaluating system-level fragility comprises of following steps:
Characterizing the performance "limit-state" of joints in a piping system using experimental results from testing of components.
Developing equivalent non-linear finite element model of the components such that the results reconcile with the experimentally observed behavior.
Incorporating the non-linear model in an actual piping system model for the purpose of conducting a system level analysis and evaluate system level fragilities.
Evaluating system-level fragilities for failure at different locations within the piping system.
The INL Generic Boiling Water Reactor (IGBWR) Model
For BWRs, discussions and planning of types of components, structures, soil, PRAs models necessary to execute the Industry Application #2 plan, are activities for future development, as outlined in Section 4. In short, the same strategy used for building the IGPWR Model will be applied to the construction of the IGBWR Model, respectively.
THE RISMC METHODOLOGY AND TOOLKIT
The EEVE project will be developed in two phases. First, for fiscal years 2016-18 we will demonstrate EEVE-B, using 'Baseline' (already existing) RISMC tools and methods to demonstrate some of the eight elements shown in Figure 24 . Second, for fiscal years 2017-2020, we will demonstrate most of all eight elements of EEVE-A, shown in Figure 24 , which will include 'Advanced' (in development by LWRS and other DOE R&D Programs) RISMC tools and methods. 
Phase I -EEVE-B (Baseline)
For the first three years, the (B) elements of Figure 24 , of the EEVE-B toolkit are exercised. Each element implements a set of existing, established code(s) into the EEVE-B toolkit, as illustrated in Figure  24, (B) . A set of all activities to be executed within this timeline is outlined in Table 3 .
Example of Baseline Workflow
An example of the Baseline Workflow is reported in Figure 25 . 
Phase II -EEVE-A (Advanced)
In conjunction with the Baseline development, for a period of about four years, the advanced phase of the EEVE project will be executed (FY2017-2020). The duration and timeline associated with the EEVE-A phase is in part dependent on the execution and lessons learned of the Baseline phase, and availability and maturity of the advanced tools in development today. An example of tools and methods to be implemented during the advanced phase is shown in Figure 24 , (A). Also, a set of all activities to be executed during Phase II is outlined in Table 3 .
Example of Advanced Workflow
An example of the Advanced Workflow is reported in Figure 26 . The main steps of the EEVE-A approach are similar to the EEVE-B approach but differ for the following: 
THE INDUSTRY APPLICATION ROADMAP (FY 2016 -FY 2020)
A roadmap and timeline for development and implementation of IA2 is shown in Table 3 . Here we present a multi-year project timeline for both Baseline and Advanced activities, based on input from all models described in the previous sections. 
WORK PLAN SUMMARY
The RISMC program and the plan for the industry application were presented in the previous INL report INL-EXT-14-33186. The demonstration objectives are:
1. Provide confidence and a technical maturity in the RISMC methodology (essential for broad industry adoption) 2. Strong stakeholder interaction required 3. Address a wide range of current relevant issues 4. Three phase approach:
-Problem definition (3-6 months) -(on going) -Early Demonstration (eDemo) (limited scope) (6-12 months) -Complete Application and Validation (Long Term-Methods, Tools, Data) (1-5 years)
The project definition, statement and objectives for Industry Application 2 (IA2) were further developed in INL-EXT-15-36101. The focus of the current report is to outline a viable long term plan and timeline encompassing all three phases indicated above.
Phase 2 considers a series of demonstrations that are realistic and relevant to the industry stakeholder. In these demonstrations, plant owner/operators actively participate by providing plant information to a given demonstration. Initially, demonstrations are a simplified version (prototype) of an integrated evaluation model. Each discipline is modeled with very simple reduced order models (ROMs). The goal is to identify all the inputs and disciplines involved and compute the approximated value of the outputs to construct a first tier "knowledge database". The "knowledge database" is then analyzed with emulators for the purpose of illustrating very complex problems. Later a more realistic and credible solver is used to represent the complete multi-physics demonstration.
As the program enters subsequent phases (Phase 3 and beyond) each discipline (simply represented by early demonstrations in Phase 2) is properly replaced by realistic simulators, therefore improving the fidelity and quality of the "knowledge database". Hence, Phase 3 of the Industry Applications considers the full spectrum of demonstrations with all advanced features of the RISMC toolkit (concurrently in development while early RISMC demonstrations take place), including Verification, Validation, and Data Analysis. These will include applications of RAVEN and RELAP7, also including other models in the MOOSE framework, as needed.
In the previous section we have compiled a multi-year task-by-task plan encompassing all phases of Industry Application #2.
